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SYSTEM AND METHOD FOR PAGING A
MOBILE STATION IN A WIRELESS
NETWORK

TECHNICAL FIELD

This disclosure 1s generally directed to communication

systems and more specifically to a system and method for
paging a mobile station 1n a wireless network.

BACKGROUND

Wireless communication devices are becoming increas-
ingly popular imn the Umted States and around the world.
These communication devices typically recetve communi-
cation services from one or more wireless networks. A
typical wireless network includes one or more base stations,
cach base station providing services 1n an area referred to as
a cell or a zone. The wireless devices can often move and
receive communication services from multiple cells i the
same network or from cells 1n different networks.

Typical wireless networks can provide telephony services
to users, such as by establishing incoming and outgoing
telephone calls to and from the wireless devices. In order to
establish an incoming telephone call, a wireless network
typically pages a wireless device. A problem with conven-
tional wireless networks 1s that the paging process occurs
indiscriminately across multiple frequencies and without
regard to a particular frequency on which the mobile station
1s operating. As a result, the paging process often wastes
resources of the networks.

SUMMARY

This disclosure provides a system and method for paging
a mobile station 1n a wireless network.

In one embodiment, a method includes receiving a signal
from a base station in a mobile station. The method also
includes communicating a message to the base station. The
message 1dentifies a frequency associated with the recerved
signal. In addition, the method includes receiving a page
from the base station on the identified frequency associated
with the received signal.

In another embodiment, a method includes communicat-
ing a signal at a base station and receiving a message from
a mobile station. The message 1dentifies a frequency asso-
ciated with the communicated signal. The method also
includes communicating at least a portion of the message to
a mobile switching center. The method further includes
receiving a paging request from the mobile switching center.
The paging request 1dentifies the frequency identified 1n the
message from the mobile station. In addition, the method
includes paging the mobile station on the frequency i1denti-
fied 1n the paging request.

In yet another embodiment, a method includes receiving
a message from a base station at a mobile switching center.
The message 1dentifies a frequency associated with a signal
communicated from the base station to a mobile station. The
method also includes storing at least a portion of the
message and receiving a request associated with an 1ncom-
ing commumnication session for the mobile station. The
method further includes generating a paging request for the
mobile station. The paging request 1dentifies the frequency
identified 1n the stored message. In addition, the method
includes communicating the paging request to the base
station. The base station 1s operable to page the mobile
station on the frequency identified 1n the paging request.
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One or more technical features may be present according,
to various embodiments of this disclosure. Particular
embodiments of this disclosure may exhibit none, some, or
all of the following features depending on the implementa-
tion. For example, 1n one embodiment, a system for paging
a mobile station 1 a wireless network 1s provided. In
particular, the mobile station may register with the wireless
network, and the wireless network 1dentifies the frequency
being used by the mobile station to register. When the
wireless network needs to page the mobile station, the
wireless network pages the mobile station using the identi-
fied frequency. By paging the mobile station on the 1denti-
fied frequency, the wireless network may page the mobile
station using fewer resources. Using fewer resources to page
the mobile stations may allow the wireless network to
provide services to more mobile stations.

Moreover, the mobile station may inform the wireless
network when the frequency it 1s using changes. In this way,
the wireless network need not include logic to determine the
frequency being used by a particular mobile station. As a
result, the complexity of the wireless network may be
decreased, which may also help to reduce the cost of the
wireless network.

This has outlined rather broadly several features of this
disclosure so that those skilled 1n the art may better under-
stand the DETAILED DESCRIPTION that follows. Addi-
tional features may be described later in this document.
Those skilled 1n the art should appreciate that they may
readily use the concepts and the specific embodiments
disclosed as a basis for modifying or designing other struc-
tures for carrying out the same purposes of this disclosure.
Those skilled in the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the 1nvention 1n its broadest form.

Before undertaking the DETAILED DESCRIPTION
below, 1t may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment. The terms “include” and “comprise,” as well as
derivatives thereof, mean 1nclusion without limitation. The
term “or” 1s inclusive, meaning and/or. The phrases “asso-
ciated with” and “associated therewith,” as well as deriva-
tives thereof, may mean to include, be included waithin,
interconnect with, contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, mterleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, or the like. The term
“controller” means any device, system, or part thereof that
controls at least one operation. A controller may be 1mple-
mented 1n hardware, firmware, or software, or a combination
of at least two of the same. It should be noted that the
functionality associated with any particular controller may
be centralized or distributed, whether locally or remotely.
Definitions for certain words and phrases are provided
throughout this patent document, and those of ordinary skall
in the art should understand that in many, i not most
instances, such defimitions apply to prior as well as future
uses of such defined words and phrases.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

For a more complete understanding of this disclosure and
its features, reference 1s now made to the following descrip-
tion taken 1n conjunction with the accompanying drawings,
in which:

FIG. 1 1llustrates an example wireless network according,
to one embodiment of this disclosure;
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FIG. 2 1llustrates an example mobile station according to
one embodiment of this disclosure;

FI1G. 3 illustrates an example base station according to one
embodiment of this disclosure;

FIG. 4 illustrates an example mobile switching center
according to one embodiment of this disclosure;

FI1G. 5 1llustrates an example registration message accord-
ing to one embodiment of this disclosure;

FIG. 6 illustrates an example frequency arrangement in a
wireless network according to one embodiment of this
disclosure:

FI1G. 7 illustrates an example method for receiving com-
munication services at a mobile station according to one
embodiment of this disclosure;

FIG. 8 1llustrates an example method for providing com-
munication services at a base station according to one
embodiment of this disclosure; and

FIG. 9 1llustrates an example method for providing com-
munication services at a mobile switching center according,
to one embodiment of this disclosure.

DETAILED DESCRIPTION

FIG. 1 illustrates an example wireless network 100
according to one embodiment of this disclosure. The wire-
less network 100 1llustrated 1n FIG. 1 1s for 1llustration only.
Other networks could be used without departing from the
scope of this disclosure.

In the illustrated example, the wireless network 100
includes multiple cell sites 121-123. Base stations (BS)
101-103 are located 1n the cell sites 121-123. Each of the
base stations 101-103 communicates with one or more
mobile stations (MS) 111-114 over wireless connections.
The mobile stations 111-114 may represent any suitable
wireless devices. For example, the mobile stations 111-114
could represent conventional cellular telephones, personal
communication services (PCS) handsets, personal digital
assistants, portable computers, or metering devices. Other
types of access terminals, including fixed wireless terminals,
may be used in the wireless network 100. Also, the mobile
stations 111-114 could communicate using any suitable
mechanism, such as wireless code division multiple access
(CDMA) channels.

The dotted lines shown i FIG. 1 illustrate the approxi-
mate boundaries of the cell sites 121-123 in which the base
stations 101-103 are located. The cell sites 121-123 are
illustrated as being approximately circular for the purposes
of illustration and explanation only. The cell sites 121-123
may have any other shape or shapes, depending on the cell
configuration selected and natural and man-made obstruc-
tions.

In one embodiment, each of the cell sites 121-123
includes one or more sectors, each sector being 1lluminated
by a directional antenna contained 1n or coupled to one of the
base stations 101-103. In FIG. 1, the base stations 101-103
lie 1n the center of the cell sites 121-123. Other embodi-
ments may position the base stations 101-103 or the direc-
tional antennas 1n any other suitable positions.

In one embodiment, each of the base stations 101-103
includes a base station controller (BSC) and one or more
base transceiver substations (BTS). A base station controller
manages wireless communication resources, including the
base transceiver substations, for one of the cell sites
121-123. A base transceiver substation may include radio
frequency (RF) transceivers, antennas, and other electrical
equipment located 1n one of the cell sites 121-123. The base
transceiver substation may also include air conditioming
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units, heating units, electrical power supplies, telephone line
interfaces, and RF transmitters and RF receivers. For the
purposes of simplicity and clanty, the base transceiver
substations in each of the cell sites 121-123 and the base
station controller associated with the base transceiver sub-
stations are collectively represented by the base stations

101-103.

The base stations 101-103 transfer voice and data signals
between each other via a communication line 131. The base
stations 101-103 may also transmit and receive voice and
data signals to and from a public switched telephone net-
work (PSTN) via the communication line 131 and a mobile

switching center (MSC) 140. The base stations 101-103

may further transmit and receive voice and data signals, such
as packet data, to and from the Internet or other data network
via the commumnication line 131 and a packet data server
node (PDSN) 150. Beyond that, the base stations 101-103
transmit one or more pilot signals, which are used by the
mobile stations 111-114 to detect and register with the base
stations 101-103. In addition, the communication line 131

provides a connection path to transfer control signals
between the MSC 140 and the base stations 101-103. The
control signals may be used to establish voice and data

circuits, such as circuits between the MSC 140 and the base
stations 101-103.

The communication line 131 may represent any suitable
connection, including a T1 line, a 13 line, a fiber optic link,
a network packet data backbone connection, or any other
type of connection. In one embodiment, the communication
line 131 may link vocoders 1n the base stations 101-103 with
switch elements in the MSC 140. The connections on the
communication line 131 may provide a transmission path for
the transport of analog voice band signals, pulse code
modulated (PCM) voice signals, voice signals in an Internet
Protocol (IP) format, voice signals in an asynchronous
transfer mode (ATM) format, or other suitable connection
transmission protocol. Further, any suitable signaling pro-
tocol could be used to transport signals over the communi-
cation line 131.

The MSC 140 provides services and coordination
between subscribers using the mobile stations 111-114 in the
wireless network 100 and external networks, such as the
PSTN or Internet. In some embodiments, the communica-
tion line 131 may represent several different data links,

where each data link couples one of the base stations
101103 to the MSC 140.

The MSC 140 may store information about the mobile
stations 111-114 1n a home location register (HLR) 141 and
in a visitor location register (VLR) 142. In one embodiment,
the wireless network 100 may be a *

home” network for
mobile stations 111-114 that belong to the wireless network
100. Other mobile stations 111-114 that belong to other
networks may roam into or visit the wireless network 100.
In this embodiment, the HLLR 141 stores information about
the mobile stations 111-114 that belong to the wireless
network 100, and the VLR 142 stores information about the

mobile stations 111-114 that are visiting the wireless net-
work 100.

In the illustrated example, the mobile station 111 1s
located 1n cell site 121 and 1s 1n communication with the
base station 101. The mobile station 113 1s located 1n cell site
122 and 1s in communication with the base station 102. The
mobile station 114 1s located in cell site 123 and 1s 1n
communication with the base station 103. The mobile station
112 1s located 1n cell site 121 but 1s close to and moving 1n
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the direction of cell site 123. At some point, as the mobile
station 112 moves 1nto cell site 123 and out of cell site 121,
a handofl occurs.

A handofl procedure transfers control of a call from a first
cell site to a second cell site. As the mobile station 112
moves from cell site 121 to cell site 123, the mobile station
112 detects a pilot signal from the base station 103 and sends
a pilot strength measurement message to the base station
101. When the strength of the pilot signal transmitted by the
base station 103 and received and reported by the mobile
station 112 exceeds a threshold, the base station 101 1nitiates
a solt handofl process. For example, the base station 101
may signal the target base station 103 that a handoil 1s
needed as described 1n TIA/EIA 1S-95 or TIA/EIA 1S-2000.

The base station 103 and the mobile station 112 may then
negotiate the establishment of a communication link 1n the
CDMA channel. Following the establishment of the com-
munication link between the base station 103 and the mobile
station 112, the mobile station 112 communicates with both
the base station 101 and the base station 103 1n a soit handoil
mode. This may help to improve the performance on both
the forward channel (base station to mobile station) and
reverse channel (mobile station to base station) links. When
the signal from the base station 101 falls below a predeter-
mined signal strength threshold, the mobile station 112
drops the link with the base station 101 and only receives
signals from the base station 103. The call may thereby be
seamlessly transterred from the base station 101 to the base
station 103. The above-described soft handofl assumes that
the mobile station 112 1s handling a voice or data call. An
idle handofl may occur between two of the cell sites
121-123 when the mobile station 112 1s communicating 1n
the control or paging channel.

In one aspect of operation, the wireless network 100
communicates with and establishes communication sessions
with the mobile stations 111-114. For example, the wireless
network 100 could establish mmcoming and outgoing tele-
phone calls with, for example, mobile station 111. To
establish an incoming call with the mobile station 111, the
wireless network 100 pages the mobile station 111 on the
paging channel. As an example, during a page, the base
station 101 may communicate a paging message to the
mobile station 111 on the paging channel. The mobile station
111 recerves the paging message and responds, allowing the
base station 101 to establish the communication session with
the mobile station 111.

The mobile stations 111-114 may roam into and register
with the wireless network 100. For example, the mobile
station 111 may detect a pilot signal from the base station
101 and respond by transmitting a registration message to
the base station 101. In one embodiment, each one of the
base stations 101-103 may transmit multiple pilot signals at
multiple frequencies. In this embodiment, each one of the
mobile stations 111-114 may detect one or more of the pilot
signals and transmit a registration message to one of the base
stations 101-103. The base stations 101-103 may then
forward the registration messages to the MSC 140, which
stores 1nformation about the mobile stations 111-114 1n the
HLR 141 or the VLR 142.

In one embodiment, the registration message 1dentifies the
cell site 121 and the sector 1n which the registering mobile
station 111 1s located. The registration message may also
identily the frequency used by the registering mobile station
111. For example, the registration message could 1dentity the
frequency being used by the mobile station 111 to commu-
nicate the registration message to the base station 101. This
may also represent the frequency that the base station 101
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should later use to page the registering mobile station 111.
The MSC 140 then stores the cell site 121, sector, and

frequency 1n the HLR 141 or VLR 142.

When an incoming communication session for the mobile
station 111 1s detected, the MSC 140 accesses the HLLR 141
or VLR 142 and 1dentifies the cell site 121, the sector, and
the frequency to be used to page the mobile station 111. The
MSC 140 then communicates a request to the base station
101, and the base station 101 pages the mobile station 111
using the sector and frequency identified by the MSC 140.
In this way, the wireless network 100 can page the mobile
station 111 1n a more eflicient manner. As a particular
example, the wireless network 100 can page the mobile
station 111 using fewer resources.

In another aspect of operation, the mobile station 111 may
roam within the wireless network 100. For example, the
mobile station 111 could move between cell sites 121-123 or
between sectors 1n the same cell site. The mobile station 111
could also change frequencies used to communicate with a
base station 101. As an example, the base station 101 could
determine that the frequency used by the mobile station 111
1s too loaded, and the base station 101 could instruct the
mobile station 111 to change frequencies.

In this embodiment, when at least one of the cell site,
sector, or frequency changes, the mobile station 111 may
communicate an update message to the base station 101. In
one embodiment, the update message represents a modified
registration message. In a particular embodiment, the update
message may include only the information that has changed,
such as the new cell site, sector, or frequency. The MSC 140
could then store the updated information in the HLR 141 or
the VLR 142. In this way, the mobile station 111 need not
communicate an enfire registration message to the base
station 101, which reduces the bandwidth used by the mobile
station 111. Also, conventional systems may require the use
of a hashing algorithm at the base stations 101 and at the
mobile station 111 to 1dentily the frequency used by the base
station 101 and the mobile station 111 to communicate. In
one embodiment of this disclosure, the use of a hashing
algorithm may not be needed at the base station 101 since
the mobile station 111 informs the wireless network 100 of
the frequency being used by the mobile station 111. The
hashing algorithm may or may not still be executed at the
mobile station 111. This may help to reduce the complexity
of the base stations 101-103, which may also help to reduce
the cost of the base stations 101-103.

In yet another aspect of operation, a mobile station 111
may communicate with a base station 101 on one of multiple
frequencies. One of these frequencies may be marked as a
“home” frequency for a particular mobile station 111. In
conventional systems, a mobile station 111 may be forced to
return to its home frequency alter a communication session
ends. In one embodiment of this disclosure, the mobile
station 111 may use the registration and updating mecha-
nisms discussed above. By using these mechanisms, the
wireless network 100 need not force the mobile stations
111-114 to return to a home frequency.

Although FIG. 1 1illustrates one example of a wireless
network 100, various changes may be made to FIG. 1. For
example, the network 100 could include any suitable num-
ber of base stations 101-103 and cell sites 121-123. Also,
the network 100 could be connected to any suitable external
network instead of or in addition to the PSTN and the
Internet shown m FIG. 1.

FIG. 2 illustrates an example mobile station 111 1n accor-
dance with one embodiment of this disclosure. The mobile
station 111 illustrated in FIG. 2 1s for illustration only. Other
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mobile stations could be used without departing from the
scope of this disclosure. Also, the mobile station 111 1n FIG.
2 has been simplified for ease of illustration and explanation.

In this example embodiment, the mobile station 111
includes an antenna 203, a radio frequency (RF) transceiver
210, transmit (1X) processing circuitry 215, a microphone
220, recerve (RX) processing circuitry 225, and a speaker
230. The mobile station 111 also includes a main processor
240, an mput/output interface (I/0 IF) 2435, a keypad 250, a
display 2535, and a memory 260. The memory 260 includes
registration logic 261, update logic 262, paging logic 263,
and one or more stored parameters 264.

The RF transceiver 210 receives through the antenna 205
an incoming RF signal transmitted by a base station 101 1n
the wireless network 100. The RF transceiver 210 down-
converts the incoming RF signal to produce an intermediate
frequency (IF) signal or a baseband signal. The IF or
baseband signal 1s sent to the receive processing circuitry
225, which produces a processed baseband signal by filter-
ing, decoding, and/or digitizing the baseband or IF signal.
The receive processing circuitry 225 transmits the processed
baseband signal to the speaker 230 (such as for voice data)
or to the main processor 240 for further processing (such as
for web browsing).

The transmit processing circuitry 215 receives analog or
digital voice data from the microphone 220 or other outgo-
ing baseband data (such as web data, e-mail, or interactive
video game data) from the main processor 240. The transmit
processing circuitry 2135 encodes, multiplexes, and/or digi-
tizes the outgoing baseband data to produce a processed
baseband or IF signal. The RF transceiver 210 receives the
outgoing processed baseband or IF signal from the transmat
processing circuitry 215. The RF transceiver 210 up-con-
verts the baseband or IF signal to produce an RF signal that
1s then transmitted via the antenna 205.

The main processor 240 may represent any suitable
processor or controller. The memory 260 1s coupled to the
main processor 240. In one embodiment, part of the memory
260 represents a random access memory (RAM), and
another part of the memory 260 represents a tlash or other
read-only memory (ROM).

The main processor 240 executes the registration logic
261 stored in the memory 260. The registration logic 261
allows the mobile station 111 to register with the wireless
network 100. For example, the mobile station 111 may
receive a pilot signal from a base station 101 through the
antenna 205. The main processor 240 may detect the pilot
signal and generate a response, such as by generating a
registration message for the base station 101. In one embodi-
ment, the registration message 1dentifies the cell site 121 and
the sector in which the mobile station 111 1s located. The cell
site 121 and the sector may be 1dentified using mnformation
contained 1n the pilot signal. The registration message may
also include the frequency being used by the mobile station
111 to communicate with the base station 101. As an
example, the frequency could represent the frequency of the
pilot signal received by the mobile station 111. The main
processor 240 may then supply the registration message to
the transmit processing circuitry 215, which communicates
the registration message to the base station 101 through the
RF transceiver 210 and the antenna 2035. The cell site 121,
sector, and frequency identified in the registration message
may then be stored as parameters 264 1n the memory 260.

The main processor 240 also executes the update logic
262 stored 1n the memory 260. The update logic 262 detects
when the mobile station 111 moves into a different one of the
cell sites 121-123 or into a different sector or begins using
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a different frequency to communicate with a base station
101. For example, the main processor 240 may detect when
the information contained in the pilot signal received from
one of the base stations 101-103 differs from the stored
parameters 264. The main processor 240 may then generate
an update message, which i1dentifies the new cell site, sector,
or Irequency. The update message may be communicated to
one of the base stations 101-103 through the transmit
processing circuitry 215, the RF transceiver 210, and the
antenna 203.

The main processor 240 may further execute the paging
logic 263 stored in the memory 260. The paging logic 263
detects when one of the base stations 101-103 1s paging the
mobile station 111. For example, the base station 101 may
communicate a paging message to the mobile station 111 on
the paging channel when the base station 101 1s attempting
to deliver an mcoming message or telephone call to the
mobile station 111. The paging logic 263 may then cause the
main processor 240 to take any suitable action, such as
generating a response to the paging message that includes
information needed by the base station 101 to deliver the
incoming message or telephone call.

Each component of the mobile station 111 may include
any hardware, software, firmware, or combination thereof.
Also, the registration logic 261, the update logic 262, and the
paging logic 263 may be implemented in any suitable
hardware, software, firmware, or combination thereof.

Although FIG. 2 illustrates one example of a mobile
station 111, various changes may be made to FIG. 2. For
example, other one-way or multi-way communication
devices could be used 1n the wireless network 100. Also,
various components could be combined or omitted or addi-
tional components can be added according to particular
needs.

FIG. 3 illustrates an example base station 101 according
to one embodiment of this disclosure. The base station 101
illustrated 1 FIG. 3 i1s for illustration only. Other base
stations could be used without departing from the scope of
this disclosure. Also, the base station 101 1n FIG. 3 has been
simplified for ease of illustration and explanation.

In this example embodiment, the base station 101
includes one or more antennas 3054-305#%, one or more RF
transceivers 310a—310z, two buses 311-3115, transmit (TX)
processing circuitry 313, and receive (RX) processing cir-
cuitry 325. The base station 101 also includes a main
controller 340, a communication line interface 345, and a
memory 360. The memory 360 includes registration logic
361, update logic 362, and paging logic 363.

The RF transceivers 310a-31072 communicate with the
mobile stations 111-114 through the antennas 305-305.
For example, the RF transceivers 310a—3107» could down-
convert mcoming RF signals to produce IF signals or
baseband signals. The RF transceivers 310a-310» could
also up-convert outgoing IF signals or baseband signals to
produce RF signals. The incoming signals may be sent to the
receive processing circuitry 325, which then forwards the
received signals to the communication line 131 through the
communication line interface 345. The outgoing signals may
be received from the transmit processing circuitry 3185,
which may receive the outgoing signals from the commu-
nication line 131 through the communication line interface
345.

The buses 311a-3115 facilitate communication between
the transmit processing circuitry 315, the receive processing,
circuitry 325, and the transceivers 310a—310%. For example,
the bus 311a could transport incoming signals from the
transceivers 310a—310n to the receive processing circuitry
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325. The bus 3115 could transport outgoing signals from the
transmit processing circuitry 315 to the ftransceivers
310a-310%.

The communication line interface 343 facilitates commu-
nication with the other base stations 102103, the MSC 140,
or the PSDN 1350 over the communication line 131. The
communication line interface 345 may, for example, repre-
sent a T1 interface, a T3 interface, a fiber optic interface, or
any other type of interface.

The main controller 340 may represent any suitable
processor or controller. The memory 360 1s coupled to the
main controller 340. The main controller 340 executes the
registration logic 361 and the update logic 362 stored in the
memory 360. The registration logic 361 processes registra-
tion messages received from the mobile stations 111-114
through the antennas 305 and the transceivers 310. The
update logic 362 processes update messages received from
the mobile stations 111-114 through the antennas 305 and
the transceivers 310. For example, the main controller 340

may receive and identily the messages and forward the
contents ol the messages to the MSC 140 through the
communication line interface 345.

The main controller 340 also executes the paging logic
363 stored in the memory 360. The paging logic 363
supports the paging of the mobile stations 111-114 that are
receiving service from the base station 101. For example, the
main controller 340 may receive a request from the MSC
140 through the communication line interface 345. The
request 1dentifies a mobile station 111 to be paged. The
request may also 1dentily the frequency that the base station
101 should use to page the mobile station 111. The main
controller 340 may then page the mobile station 111, such as
by generating a paging message and communicating the
message to the transmit processing circuitry 315 for trans-
mission to the mobile station 111. The paging message could
be communicated on the frequency 1dentified by the request
received from the MSC 140. If the mobile station 111
responds to the page, the paging logic 363 may then cause
the base station 101 to take any suitable action, such as
informing the MSC 140 of the successiul page and estab-
lishing a traflic connection with the mobile station 111.

Each component of the base station 101 may include any
hardware, software, firmware, or combination thereof. Also,
the registration logic 361, the update logic 362, and the
paging logic 363 may be implemented in any suitable
hardware, software, firmware, or combination thereof.

Although FIG. 3 1llustrates one example of a base station
101, various changes may be made to FIG. 3. For example,
any suitable number of antennas 305 and transceivers 310
could be used in the base station 101. Also, any suitable
number of transceivers 310 could be coupled to each
antenna 305. In addition, various components could be
combined or omitted or additional components can be added
according to particular needs.

FIG. 4 illustrates an example mobile switching center 140
according to one embodiment of this disclosure. The MSC
140 illustrated 1n FI1G. 4 1s for illustration only. Other mobile
switching centers could be used without departing from the
scope of this disclosure. Also, the MSC 140 1n FIG. 4 has
been simplified for ease of illustration and explanation.

In this example embodiment, the MSC 140 includes a
main controller 440, a memory 460, a base station interface
465, a public network 1nterface 470, an HLR 1interface 475,
and a VLR interface 480. The memory 460 includes regis-
tration logic 461, update logic 462, and paging logic 463.

The base station interface 465 facilitates communication
with the base stations 101-103 over the communication line
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131. The base station interface 465 may, for example,
represent a T1 interface, a T3 interface, a fiber optic inter-
face, or any other type of interface. The public network
interface 470 facilitates communication with a public tele-
phone network, such as a PSTN. The HLR interface 475 and

the VLR interface 480 facilitate communication with the
HLR 141 and the VLR 142, respectively.

The main controller 440 may represent any suitable
processor or controller. The memory 460 1s coupled to the
main controller 440. The main controller 440 executes the
registration logic 461 stored in the memory 460. The reg-
istration logic 461 facilitates the receipt, processing, and
storage of registration messages from one or more mobile
stations 111-114. For example, the MSC 140 may receive a
registration message from a mobile station 111 through a
base station 101. The main controller 440 then determines
whether the mobile station 111 that i1s registering with the
MSC 140 belongs to the wireless network 100 or 1s visiting
the wireless network 100. Based on this determination, the
main controller 440 then extracts the information contained
in the registration message and stores the information 1n the
HLLR 141 or the VLR 142. In one embodiment, each
registration message i1dentifies the cell site 121 and the
sector in which the registering mobile station 111 1s located
and the frequency used by the registering mobile station 111.

Similarly, the main controller 440 also executes the
update logic 462 stored i the memory 460. The update logic
462 facilitates the receipt, processing, and storage of update
messages from one or more mobile stations 111-114. For
example, the main controller 440 may receive an update

message, extract the information contained in the message,
and store the updated information 1 the HLR 141 or VLR
142.

The main controller 440 further executes the paging logic
463. The paging logic 463 allows the main controller 440 to
detect an incoming message or telephone call for a regis-
tered mobile station 111. The paging logic 463 may then
cause the main controller 440 to access the HLR 141 or VLR
142, retrieve the stored information associated with the
mobile station 111, and communicate a paging request to the
base station 101 currently serving the mobile station 111.
The paging request could identity the frequency to be used
by the base station 101 when paging the mobile station 111.
In this way, the base station 101 may be able to page the
mobile station 111 using fewer resources.

Each component of the MSC 140 may include any
hardware, software, firmware, or combination thereof. Also,
the registration logic 461, the update logic 462, and the
paging logic 463 may be implemented in any suitable
hardware, software, firmware, or combination thereof.

Although FIG. 4 illustrates one example of an MSC 140,
various changes may be made to FIG. 4. For example, any
other or additional interfaces could be provided 1n the MSC
140. Also, additional components could be used 1n the MSC
140, such as one or more switch elements. In addition,
various components could be combined or omitted or addi-
tional components can be added according to particular
needs.

FIG. 5 illustrates an example registration message 3500
according to one embodiment of this disclosure. In this
example, the message 500 includes a cell identifier 502, a
sector 1dentifier 504, and a frequency identifier 506. Other
embodiments of the registration message 500 could be used
without departing from the scope of this disclosure. Also,
any other information could be included 1n the registration
message 500.
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The cell identifier 502 1dentifies the cell site 121 1n which
a registering mobile station 111 1s located. The sector
identifier 504 identifies the sector of the cell site 121 1n
which the registering mobile station 111 1s located. The
frequency identifier 506 1dentifies the frequency used by the
mobile station 111 and the base station 101 to communicate.
In a particular embodiment, the frequency identifier 506
identifies the frequency used by the mobile station 111 to
communicate the registration message 300 to the base
station 101.

In one aspect of operation, when a mobile station 111
roams 1nto the wireless network 100, the mobile station 111
may generate and communicate the registration message 500
to the base station 101 currently serving that mobile station
111. The base station 101 may then forward the message 500
to the MSC 140, which extracts the information and stores
it in the HLR 141 or the VLR 142. When the mobile station
111 needs to be paged, the MSC 140 accesses the HLR 141
or VLR 142, identifies the frequency to be used to page the
mobile station 111, and communicates the frequency to the
base station 101 serving the mobile station 111.

If the mobile station 111 later changes frequencies or
moves to a different one of the cell sites 122-123 or to a
different sector, the mobile station 111 may generate an
update message. In one embodiment, the update message
resembles the registration message 500. In this embodiment,
the update message includes the new information, such as
the new cell identifier 502, sector identifier 504, or 1ire-
quency 1dentifier 506. The update message could also omit
information from the registration message 500 that has not
changed, such as by omitting the cell identified 502 when the
mobile station 111 remains 1n the same cell site 121.

Although FIG. 5 1llustrates one example of a registration
message 500, various changes may be made to FIG. 5. For
example, any other or additional information could be
contained in the registration message 500. Also, the infor-
mation illustrated 1n FIG. 5 could be combined into a single
field in the message 500. Further, the cell identifier 502
could be replaced by any other suitable identifier, such as a
Location Area Code (LAC) 1dentifier.

FIG. 6 1llustrates an example frequency arrangement 600
in a wireless network according to one embodiment of this
disclosure. The frequency arrangement shown in FIG. 6
represents one example of a LAC zone, which may be
located 1n one or more cell sites 121-123 of a wireless
network 100. In this example, the LAC zone includes
multiple frequency areas 602, where each frequency area
602 serves a particular geographic area.

In conventional systems, the location of a mobile station
111 being paged and the paging frequencies available at that
location are typically not known. As a result, the conven-
tional systems typically paged the mobile station 111 1n each
of the frequency areas 602. This required seven different
pages. In one embodiment of this disclosure, the mobile
station 111 1nforms the wireless network 100 of its current
location (LAC 1dentifier) and the frequency to be used to
page the mobile station 111. Using this mformation, the
wireless network 100 can 1dentify the frequency area 602 in
which the mobile station 111 1s located. The wireless net-
work 100 can then page the mobile station 111 in the proper
frequency area 602, which reduces the number of pages
needed.

Although FIG. 6 illustrates one example of a frequency
arrangement 600 1n a wireless network, various changes
may be made to FIG. 6. For example, any number of
frequencies and frequency areas 602 could be used 1n the
frequency arrangement 600.
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FIG. 7 illustrates an example method 700 for receiving
communication services at a mobile station according to one
embodiment of this disclosure. The method 700 may be
described with respect to the mobile station 111 of FIG. 2
operating in the wireless network 100 of FIG. 1. Any mobile
station operating in any wireless network could operate
according to the method 700.

The mobile station 111 detects a pilot signal from a base
station 101 at step 702. This may include, for example, the
main processor 240 of the mobile station 111 receiving the
pilot signal through the antenna 205, transceiver 210, and
receive processing circuitry 225. This may also include the
main processor 240 extracting information from the pilot
signal, such as imnformation identifying the cell site 121 and
sector 1n which the mobile station 111 1s located.

The mobile station 111 communicates a registration mes-
sage to the base station 101 at step 704. This may include,
for example, the main processor 240 generating the regis-
tration message 300 of FIG. 5 using the information
extracted from the pilot signal. This may also include the
main processor 240 communicating the generated message
to the transmit processing circuitry 215 for communication
to the base station 101 through the transceiver 210 and
antenna 205.

The mobile station 111 stores the parameters contained 1n
the communicated registration message at step 706. This
may include, for example, the main processor 240 storing
the cell identifier 502, sector identifier 504, and frequency
identifier 506 in the memory 260 as the stored parameters
264.

The mobile station 111 determines whether a change to
the stored parameters 1s detected at step 708. This may
include, for example, the main processor 240 determining
whether the pilot signal now being received from one of the
base stations 101-103 i1dentifies a new cell site or sector.
This may also include the main processor 240 determining
whether the pilot signal 1s associated with a different fre-
quency.

If a change to the stored parameters 1s detected, the

mobile station 111 communicates an update message to the
base station 101 at step 710. This may include, for example,
the main processor 240 generating an update message that
resembles the registration message 500 of FIG. 5. In this
example, the changed cell 1dentifier 502, sector identifier
504, or frequency 1dentifier 506 may be placed 1n the update
message. The update message need not include any
unchanged cell identifier 502, sector identifier 504, or ire-
quency identifier 506.
The mobile station 111 receives a page for an incoming,
call or other communication session at step 712. This may
include, for example, the main processor 240 detecting the
page. The mobile station 111 establishes an incoming call at
step 714. This may include, for example, the main processor
240 generating and communicating a response to the page.
This may also include the main processor 240 and one of the
base stations 101-103 establishing a trathic channel between
the mobile station 111 and the base station.

Although FIG. 7 1llustrates one example of a method 700
for recerving communication services at a mobile station,
various changes may be made to FIG. 7. For example, the
update message could have the same format as the registra-
tion message.

FIG. 8 1illustrates an example method 800 for providing
communication services at a base station according to one
embodiment of this disclosure. The method 800 may be
described with respect to the base station 101 of FIG. 3
operating 1n the wireless network 100 of FIG. 1. Any base
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station operating 1n any wireless network could operate
according to the method 800.

The base station 101 communicates a pilot signal at step
802. This may include, for example, the transmit processing
circuitry 315 generating one or more pilot signals and one or
more of the transcervers 310 communicating the pilot sig-
nals. In one embodiment, the base station 101 communicates
multiple pilot signals at multiple frequencies 1n the cell site

121.

The base station 101 receives a registration message from
a mobile station 111 at step 804. This may include, for
example, the main controller 340 receiving the registration
message 500 of FIG. 5 from the mobile station 111. The base
station 101 communicates the registration message to the
MSC 140 at step 806. This may include, for example, the
main controller 340 communicating the registration message
500 to the MSC 140 through the communication line inter-
face 345.

The base station 101 may detect an update message from
the mobile station 111 at step 808. If detected, the base
station 101 communicates the update message to the MSC
140 at step 810. This may include, for example, the main
controller 340 communicating the update message to the
MSC 140 through the communication line interface 345.

The base station 101 receives a paging request for an
incoming call or other communication session at step 812.
This may include, for example, the main controller 340
receiving a paging request from the MSC 140 through the
communication line interface 345. This may also include the
main controller 340 i1dentifying a frequency contained in or
otherwise 1dentified by the paging request. The base station
101 pages the mobile station 111 at step 814. This may
include, for example, the main controller 340 generating a
paging message for the mobile station 111. This may also
include the transmit processing circuitry 315 up-converting
the paging message mmto an RF signal at the identified
frequency. The base station 101 establishes the mmcoming
call at step 816. This may include the main controller 340
and the mobile station 111 establishing a tratlic channel
between the mobile station 111 and the base station 101.

Although FIG. 8 1llustrates one example of a method 700
for providing communication services at a base station,
various changes may be made to FIG. 8. For example, the
base station 101 may not recerve an update message from the
mobile station 111.

FIG. 9 illustrates an example method 900 for providing
communication services at a mobile switching center
according to one embodiment of this disclosure. The method
900 may be described with respect to the MSC 140 of FIG.
4 operating in the wireless network 100 of FIG. 1. Any
mobile switching center operating 1n any wireless network
could operate according to the method 900.

The MSC 140 receirves a registration message at step 902.
This may include, for example, the main controller 440
receiving a registration message 300 through the base station
intertface 465. The MSC 140 stores the information from the
registration message at step 904. This may include, for
example, the main controller 440 extracting the cell 1denti-
fier 502, sector 1dentifier 504, and frequency i1dentifier 506
from the message 500. This may also include the main
controller 440 determining whether the registering mobile
station 111 belongs to the wireless network 100 or 1s visiting
the wireless network 100. This may further include the main
controller 440 storing the extracted mformation 1n the HLR
141 or the VLR 142 depending on whether the registering
mobile station 111 belongs to or 1s visiting the wireless
network 100.

The MSC 140 may detect an update message from the
mobile station 111 at step 906. 1T detected, the MSC 140
stores the information contained 1n the update message at
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step 908. This may include, for example, the main controller
440 extracting and storing the information from the update
message 1 the HLR 141 or the VLR 142.

The MSC 140 receives an mcoming call request at step
910. This may include, for example, the main controller 440
detecting that one of the mobile stations 112—114 1s attempt-
ing to call another mobile station 111. The MSC 140
retrieves information about the called mobile station 111 at
step 912. This may include, for example, the main controller
440 retrieving the cell 1dentifier 502, sector 1dentifier 504,
and frequency identifier 506 associated with the called
mobile station 111 from the HLR 141 or the VLR 142.

The MSC 140 communicates a paging request to one of
the base stations 101-103 serving the called mobile station
111 at step 914. This may include, for example, the main
controller 440 i1dentifying which of the base stations
101-103 1s serving the called mobile station 111 using the
retrieved cell identifier 502. This may also include the main
controller 440 generating a paging request that includes the
sector identifier 504 and the frequency identifier 506. The
MSC 140 allows the incoming call to be established at step
916. This may include, for example, the MSC 140 receiving
an indication from the base station 101 that the mobile
station 111 has been successtully paged.

Although FIG. 9 illustrates one example of a method 900
for providing communication services at a mobile switching
center, various changes may be made to FIG. 9. For
example, the MSC 140 may not receive an update message
from the mobile station 111. Also, the MSC 140 could use
the method 900 to establish any suitable communication
session and 1s not limited to establishing telephone calls.

While this disclosure has described certain embodiments
and generally associated methods, alterations and permuta-
tions of these embodiments and methods will be apparent to
those skilled 1n the art. Accordingly, the above description of
example embodiments does not define or constrain this
disclosure. Other changes, substitutions, and alterations are
also possible without departing from the spirit and scope of
this disclosure, as defined by the following claims.

What 1s claimed 1s:
1. A method, comprising:
receiving a signal from a base station at a mobile station;
communicating a message to the base station, the message
identifying a frequency associated with the received
signal;
recerving a page ifrom the base station on the identified
frequency associated with the received signal;
wherein the message comprises:
a cell i1dentifier 1dentifying a cell site in which the
mobile station 1s located;
a sector 1identifier identitying a sector of the cell site 1n
which the mobile station 1s located; and
a frequency 1dentifier identitying the frequency associated
with the received signal; and
detecting a change to at least one of:
the cell site 1n which the mobile station 1s located,

the sector of the cell site i1n which the mobile station 1s
located, and

the frequency associated with the receirved signal; and

wherein 11 a change 1s detected communicating a second
message 1dentifying the change to at least one of:

the first base station and
a second base station.

2. The method of claim 1, wherein:

the signal received from the base station comprises a pilot
signal;

the message comprises a registration message; and

the frequency represents a frequency of the pilot signal.
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3. The method of claim 1, wherein
communicating the second message further comprises:
including at least one of:
an updated cell 1dentifier,
an updated sector 1dentifier, and
an updated frequency i1dentifier; and
omitting at least one of:

an unchanged cell 1dentifier,
an unchanged sector identifier, and
an unchanged frequency identifier.

4. The method of claim 1, further comprising identifying,
the cell 1dentifier and the sector identifier using the signal
from the base station.

5. A mobile station, comprising:

an antenna operable to communicate with a base station;

a transceiver operable to receive a signal from the base

station through the antenna; and

a processor operable to generate a message for the base

station, the message 1dentilying a frequency associated

with the received signal;
wherein the mobile station 1s operable to receive a page
from the base station on the 1dentified frequency asso-
ciated with the received signal and identified in the
message wherein the message comprises:
a cell i1dentifier identifying a cell site in which the
mobile station 1s located;
a sector 1dentifier identifying a sector of the cell site 1n
which the mobile station 1s located; and
a Irequency identifier 1dentitying the frequency asso-
ciated with the received signal;
wherein the processor detects a change to at least one of:
the cell site in which the mobile station 1s located,
the sector of the cell site 1n which the mobile station 1s

located, and
the frequency associated with the received signal; and

wherein 1f a change 1s detected, the processor generates a
second message for at least one of:
the first base station, and

a second base station.
6. The mobile station of claim 5, wherein:
the received signal comprises a pilot signal;
the message comprises a registration message; and
the frequency represents a frequency of the pilot signal.
7. The mobile station of claim 5, wherein
the second message further comprises:
an inclusion of at least one of:
an updated cell identifier,
an updated sector identifier, and
an updated frequency identifier; and
an omission of at least one of:
an unchanged call identifier,
an unchanged sector 1dentifier, and
an unchanged frequency identifier.

8. The mobile station of claim 7, further comprising a
memory, the processor operable to store the cell identifier,
the sector 1dentifier, and the frequency 1dentifier contained in
the first message in the memory, the processor operable to
detect the change using the stored cell 1dentifier, the stored
sector 1dentifier, and the stored frequency identifier.

9. A method, comprising:

communicating a signal at a base station;

receiving a message from a mobile station, the message

identifying a frequency associated with the communi-
cated signal;

communicating at least a portion of the message to a

mobile switching center;

10

15

20

25

30

35

40

45

50

55

60

65

16

receiving a paging request from the mobile switching
center, the paging request identifying the frequency
identified 1n the message from the mobile station;
paging the mobile station on the frequency identified 1n
the paging request, wherein the message comprises:
a cell i1dentifier 1dentifying a cell site 1n which the
mobile station 1s located;
a sector 1identifier identiiying a sector of the cell site 1n
which the mobile station 1s located; and
a Ifrequency identifier identitying the frequency asso-
ciated with the communicated signal; and
recerving a second message from the mobile station, the
second message comprising at least one of:
an updated cell identifier,
an updated sector 1dentifier, and
an updated frequency identifier.
10. The method of claim 9, wherein:
the communicated signal comprises a pilot signal;
the message comprises a registration message; and
the frequency represents a frequency of the pilot signal.
11. The method of claim 9 further comprising
the second message:
omitting at least one of:
an unchanged cell i1dentifier,
an unchanged sector identifier, and
an unchanged frequency identifier; and
communicating at least a portion of the second message
to the mobile switching center.
12. A base station, comprising;:
at least one antenna operable to communicate with a
mobile station;
at least one transceiver operable to communicate at least
one signal to the mobile station and to receive a
message from the mobile station through the at least
one antenna, the message 1dentifying a frequency asso-
ciated with the at least one communicated signal; and
a controller operable to:
communicate at least a portion of the message to a
mobile switching center;
receive a paging request from the mobile switching
center, the paging request identifying the frequency
identified 1n the message; and
generate a paging message forte mobile station, the at
least one transceiver operable to communicate the
paging message to the mobile station on the fre-
quency 1dentified 1n the paging request, wherein the
message Comprises:
a cell identifier 1dentifying a cell site 1n which the
mobile station 1s located;
a sector 1dentifier 1dentitying a sector of the cell site
in which the mobile station 1s located; and
a frequency 1dentifier identifying the frequency asso-
ciated with the communicated signal;
wherein the controller 1s further operable to receive a
second message from the mobile station, the second
message comprising at least one of:
an updated cell identifier,
an updated sector 1dentifier, and
an updated frequency identifier.
13. The base station of claim 12, wherein:
the communicated signal comprises a pilot signal;
the message comprises a registration message; and
the frequency represents a frequency of the pilot signal.
14. The base station of claim 12, wherein
the controller 1s further operable to:
omit from the second message at least one of;
an unchanged cell 1dentifier,
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an unchanged sector identifier, and
an unchanged frequency identifier; and
communicate at least a portion of the second message to
the mobile switching center.
15. A method, comprising:
receiving a message Irom a base station at a mobile
switching center, the message 1dentifying a frequency
associated with a signal communicated from the base
station to a mobile station;
stoning at least a portion of the message;
receiving a request associated with an incoming com-
munication session for the mobile station;
generating a paging request for the mobile station, the
paging request identilying the frequency 1dentified 1n
the stored message;
communicating the paging request to the base station,
the base station operable to page the mobile station
on the frequency identified in the paging request,
wherein the message comprises:
a cell identifier 1dentifying a cell site 1n which the
mobile station 1s located;
a sector 1dentifier 1dentifying a sector of the cell site
in which the mobile station 1s located; and

a frequency identifier 1dentitying the frequency asso-
ciated with the communicated signal; and

receiving a second message from the base station, the
second message comprising at least one of;

an updated cell 1dentifier,
an updated sector 1dentifier, and
an updated frequency i1dentifier.
16. The method of claim 15, wherein:
the communicated signal comprises a pilot signal;
the message comprises a registration message generated
by the mobile station; and
the frequency represents a frequency of the pilot signal.

17. The method of claim 135, wherein storing at least a

portion of the message comprises:

determining whether the mobile station belongs to a
wireless network served by the mobile switching cen-
ter;

storing at least a portion of the message 1n a home location

register when the mobile station belongs to the wireless
network served by the mobile switching center; and

storing at least a portion of the message 1n a visitor
location register when the mobile station does not
belong to the wireless network served by the mobile
switching center.

18. The method of claim 15 further comprising:
omitting from the second message at least one of:
an unchanged cell i1dentifier,
an unchanged sector identifier, and
an unchanged frequency identifier; and
storing at least a portion of the second message.
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19. A mobile switching center, comprising;
an interface operable to facilitate communication with a
plurality of base stations; and
a controller operable to:
receive a message from one of the base stations, the
message 1dentifying a frequency associated with a
signal communicated from the base station to a
mobile station;
store at least a portion of the message;
receive a request associated with an incoming commu-
nication session for the mobile station:
generate a paging request for the mobile station, the
paging request 1dentilying the frequency identified 1n
the stored message;
communicate the paging request to at least one of the
base stations, the base station operable to page the
mobile station on the frequency identified in the
paging request, wherein the message comprises:
a cell identifier 1dentifying a cell site 1n which the
mobile station 1s located;
a sector 1dentifier 1dentitying a sector of the cell site
in which the mobile station 1s located; and
a frequency 1dentifier identifying the frequency asso-
ciated with the communicated signal; and
receive a second message from the base station, the
second message comprising at least one of:
an updated cell identifier,
an updated sector identifier, and
an updated frequency identifier.
20. The mobile switching center of claim 19, wherein:
the communicated signal comprises a pilot signal;
the message comprises a registration message; and
the frequency represents a frequency of the pilot signal.
21. The mobile switching center of claim 19, wherein the

determining whether the mobile station belongs to a
wireless network served by the mobile switching cen-
ter;

storing at least a portion of the message 1n a home location
register when the mobile station belongs to the wireless
network served by the mobile switching center; and

storing at least a portion of the message 1n a visitor
location register when the mobile station does not
belong to the wireless network served by the mobile
switching center.

22. The mobile switching center of claim 19, wherein

the controller 1s further operable to:

omit from the second message at least one of:
an unchanged cell 1dentifier,
an unchanged sector identifier, and
an unchanged frequency identifier; and

store at least a portion of the second message.
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